The stability and onset of two-dimensional convection in a rotating fluid saturated porous layer subject to gravity and centrifugal body forces is investigated analytically. The problem corresponding to a layer placed far away from the centre of rotation was identified as a distinct case and therefore justifying special attention. The stability of a basic gravity driven convection is analysed. The marginal stability criterion is established in terms of a critical centrifugal Rayleigh number and a critical wave number for different values of the gravity related Rayleigh number. For any given value of the gravity related Rayleigh number there is a transitional value of the wave number, beyond which the basic gravity driven flow is stable. The results provide the stability map for a wide range of values of the gravity related Rayleigh number, as well as the corresponding flow and temperature fields.
INTRODUCTION
The study of transport phenomena in rotating porous media is motivated by its practical applications in engineering and geophysics (Vadasz [1993a,b] , [1996a] ). The effect of rotation and of free convection as a result of the centrifugal and gravity body forces is of particular interest from both the practical and theoretical points of view. To mention only a few engineering applications let Corresponding author. us consider the food process industry, chemical process industry and rotating machinery.
More specifically, packed bed mechanically agitated vessels are used in the food processing and chemical engineering industries in batch processes. The packed bed consists of solid particles or fibbers of material which form the solid matrix while fluid flows through the pores. As the solid matrix rotates, due to the mechanical agitation, a rotating frame of reference is a necessity 74 P. VADASZ AND S. GOVENDER when investigating these flows. The role of the flow of fluid through these beds can vary from drying processes to extraction of soluble components from the solid particles. The molasses in centrifugal crystal separation processes in the sugar milling industry and the extraction of sodium alginate from kelp are just two examples of such processes.
Modelling of flow and heat transfer in porous media is also applied for the design of heat pipes using porous wicks and includes effects of boiling in unsaturated porous medium, surface tension driven flow with heat transfer and condensation in unsaturated porous media. When the heat pipe is used for cooling devices which are subject to rotation the corresponding centrifugal and Coriolis effects become relevant as well.
The macro-level porous media approach is gaining an increased level of interest in solving practical fluid flow an heat transfer problems which are too difficult to solve by using a traditional micro-level approach. Some applications of the porous medium approach are discussed by Nield and Bejan [1992] and Bejan [1995] in comprehensive reviews of the fundamentals of heat convection in porous media. Bejan [1995] mentions among the applications of heat transfer in porous media the process of cooling of winding structures in high-power density electric machines. When this applies to a rotor of an electric machine, say generator (or motor), rotation effects become relevant as well.
A regenerator in a power plant can also be modelled by using the macro-level porous media approach. As the regenerator is typically subject to rotation the centrifugal effects on heat transfer are to be investigated.
With the emerging utilisation of the porous medium approach in non-traditional fields, including, some applications in which the solid matrix is subjected to rotation, as well as the more established porous media applications a thorough understanding of the flow in a rotating porous medium becomes essential.
Research results (Patil and Vaidyanathan [1983] , Jou and Liaw [1987a,b] , Rudraiah, Shivakumara and Friedrich [1986] and Palm and Tyvand [1984]) are available for free convection in rotating porous media resulting from gravity in the presence of a single fluid or binary mixture. However, when a rotating porous matrix is considered, an additional body force exists in the form of the centrifugal acceleration. This force may generate free convection in the same manner as the gravity force causes natural convection. Vadasz [1993a] presented an analytical solution to the three-dimensional free convection problem in a long rotating porous box for the case when the temperature gradient resulting from the imposed conditions on the boundary is perpendicular to the centrifugal body force. The analysis focused on the effect of the Coriolis force on the basic free convection solution, for high values of Ekman number. Secondary circulation was obtained in a plane perpendicular to the leading free convection plane as a result of the Coriolis effect on the flow. Analytical solutions for the stability offree convection in a porous layer subject to rotation for the case when the temperature gradient resulting from the conditions imposed on the boundaries is collinear with the centrifugal body force were presented by Vadasz [1994] for a layer adjacent to the axis of rotation and by Vadasz [1996a] for a porous layer placed an arbitrary positive distance from the axis of rotation, where a singularity in the solution associated with negative values ofthe offset distance from the axis of rotation was identified. As this singularity occurs at negative values of the offset distance from the axis of rotation it implies that the location of the rotation axis falls within the boundaries of the porous domain (or to the left side of the cold wall a case of little interest due to its inherent unconditional stability). This particular location of the rotation axis causes an alternating direction of the centrifugal body force within the porous layer. The results of a study investigating this particular configuration were presented by Vadasz [1996b] . These studies accounted for the effect of the centrifugal body force while neglecting the effect of gravity.
The objective of the present investigation is to establish the combined effect of gravity and 
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Equations (1)- (3) The partial differential equations (1), (3) and (5) form a non-linear coupled system which together with the corresponding boundary conditions accepts a basic gravity driven convection solution. The establishment of the conditions of stability of this basic solution is the objective of this analysis.
METHOD OF SOLUTION
For a very tall porous layer the basic gravity driven convection solution far from the top and bottom end-walls is presented in the form ub vb =O, wb Rag(x--1/2), Tb=x,
Pb 1/2Ragz-Raoo[x2/2 + r/x3/3] + const.
This solution satisfies the governing equations and the boundary conditions. Therefore the solution is presented as the sum of this basic solution and small perturbations in the form
where the () stands for perturbed values. Substituting Eqs. (6) and (7) into the governing equations (1), (3) and (5), and linearising the result by neglecting terms which include products of perturbations which are small, yields the following set of linear partial differential equations for the pertur- 
Applying twice the curl operator on Eq. (9) Fig. 2 and by ttr as a function of Rag, are presented graphically in Fig. 3(a) . by a straight line on a log-log diagram, at rank 2 of approximation. This linear relationship is presented graphically in Fig. 3(b) .
The critical values of the centrifugal Rayleigh number, at rank 2, represented by the minima of Rao,c on the curves in Fig. 2 , are presented as function of Rag in Fig. 4 , in comparison with the corresponding critical values as evaluated at rank 10. From Fig. 4 it can be observed that the discrepancy between the results at rank 2 and at rank 10 is small for moderate and small values of (Rag/Tr). As the values of the gravity related Rayleigh number increase the more accurate rank 10 results deviate significantly from the lower rank (M--2) values. The more accurate transitional values of the wave number as evaluated at rank 10 are presented graphically as a function of (Rag/ r) in Fig. 5(a) together with the corresponding rank 10 results of the critical wave number. The tendency observed at rank 2, that tr > cr over the range of Rag considered, is retained at rank 10 as well. The detail of the curve representing the critical wave number as a function of the gravity related Rayleigh number at rank 10 is presented in Fig. 5(b) . It is observed from the figure that the wave number decreases initially, reaches a local minimum followed by an increase, and stabilises eventually at a value of r/r slightly less than 0.9, not before passing through an overshooting behaviour. This non-monotonic shape of the critical wave number as a function of a parameter (in this case Rag) is quite unusual and it was verified in a few different ways to confirm its pattern.
The results can now be used to evaluate the ratio between the coefficients in the series (15). As the linear stability does not allow for the evaluation of the amplitude of the convection, the coefficient al can be absorbed in the definition of the amplitude A, therefore leaving in the series the ratios bm--am/al Vm-1,2,..., M where bl-by definition.
These coefficients were evaluated up to M-10. Then for convective rolls having axes parallel to 
where T' is given by Eq. (24), ' is given by Eq.
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